A mass-rearing system is necessary for success in the West Indian sweetpotato weevil, Euscepes postfasciatus, eradication project using the sterile insect technique (SIT). We must establish an efficient egg collection method, because a large number of eggs must be placed on the surface of an artificial diet for mass-rearing of E. postfasciatus. When females of E. postfasciatus were provided smaller cubic pieces of sweet potato root, they fed but were not able to lay eggs in them. As a result, the females stored more mature chorioned oocytes in the ovariole than normal females that were able to feed and lay eggs. When these females were starved, they dropped twice as many fertilized eggs at random after being provided larger cubic pieces of sweet potato root in which it was possible to lay eggs. We discuss application of this female egg-dropping trait to an actual mass-rearing system.
INTRODUCTION
The West Indian sweetpotato weevil, Euscepes postfasciatus, is a sweet potato, Ipomoea batatas (L) Lam., pest distributed in many countries of the South Pacific, the Caribean Basin, and Central and South America (Sherman and Tamashiro, 1954; Raman and Alleyne, 1991) . It was first recorded in Okinawa Prefecture in 1947 (Takara, 1954) and has become a most serious pest, causing great damage in sweet potato roots in Okinawa Prefecture (Yasuda and Kohama, 1990) . Knipling (1964) pointed out that establishment of a mass-rearing system is essential to succeed in the sterile insect technique (SIT). In the project to eradicate E. postfasciatus using SIT which was promoted by the Okinawa Prefectural Government, establishment of a massrearing system with an artificial diet is one of the most important problems to be solved (Moriya, 1997) . For mass-culture where maximum egg production is desired, sweet potato roots provide the best food and oviposition sites for females of E. postfasciatus. A female can lay about four eggs per day in the root (Iwanaga et al., unpublished data) . The female punctures the root with her proboscis to lay an egg into a puncture and then covers it with a plug of feces (Shimoji and Kohama, 1994) . It is not practical to collect a lot of eggs from such firmly sealed punctures. Therefore, we considered that the use of an artificial mass egg collecting method is much more reasonable. Shimoji and Kohama (1996) demonstrated that a female not fed dropped fertilized eggs at only about one-fourth the rate of fed females each day. Shimoji and Kohama (1996) developed an egg-collecting method in which females were kept without food. This method was simple and easy and could compensate for the starved female's poor fertility. However, using starved females was not efficient enough to incorporate into a mass-rearing system. The reduced number of eggs was assumed to be due to suppression of ovariole development due to longterm starvation.
In this report, we used a small piece of sweet potato root which females could eat but was too small to lay eggs in. We then investigated the development and number of eggs in the females' ovarioles. Furthermore, we examined effectiveness of this method in an actual mass-rearing system of E. postfasciatus. Relationship between the sizes of root pieces and number of eggs laid. To determine the minimum size of sweet potato root cube in which females of E. postfasciatus were able to lay eggs, a 20-day-old copulated female was put in a clear plastic cup (70 mm top diameter, 57 mm bottom diameter, and 38 mm depth) and given a 0.02 g (about 8 mm 3 ) sweet potato root cube for three days. The cube was changed every day, and the number of eggs laid in root pieces was counted. In another treatment, 0.2 g (about 220 mm 3 ) and 2 g (about 1,700 mm 3 ) cubic pieces of sweet potato root were used in the same procedure. The experiment was repeated ten times in each treatment.
Improvement of egg collection method in
Relationship between number of mature eggs in the ovariole and number of eggs dropped by females fed on different food sizes. A 20-day-old copulated female was introduced into a clear plastic cup (70 mm top diameter, 57 mm bottom diameter, and 38 mm depth), 100 cups in total were prepared. First, all of the females were fed a 2 g cubic piece of sweet potato root (hereafter called 2 g cube root) for three days. Twenty of them were dissected under a stereomicroscope, and the number of mature eggs was counted. The remaining 80 females were divided into two groups of 40 insects. In one group, each female was kept with a 0.02 g cubic piece of sweet potato root (hereafter called 0.02 g cube root: 0.02 g-regime). In the other group, each female was given a 2 g cube root (2 g-regime). The cube roots were changed every day. After seven days, 20 females of each regime were randomly selected and dissected to investigate changes in the number of mature eggs. The remaining females, 20 from the 0.02 g-regime group and 20 from the 2 gregime group (40 in total) were further kept for an additional seven days without food and the number of eggs dropped was recorded every day during this period. The number of mature eggs was also recorded on the last day to recognize the changes in mature eggs after starvation (i.e., the number of mature eggs immediately after dropping on the last day). These experiments were conducted at 25°C and 70 to 80% RH under a L14 : D10 photoperiod.
Mass-rearing experiment. To plan for a future mass-rearing system, an experiment with a weekly schedule was conducted in which the egg collecting device (Shimoji and Kohama, 1996) was set and collected eggs for four days (Tuesday through Friday) (Fig. 1) . First, adults were sexed according to Yasuda and Naito (1991) and the males' elytra were marked with a small dot using white paint (Opaque color No. 551, Magic ® ) to distinguish the males. Two hundred 20-day-old males and females, a total of 400 insects, were kept in a polypropylene box with a polyethylene lid (2.3 l, Lustroware ® , Iwaki Industry, Inc.) for three days with a 200 g sweet potato root. Females ate and laid eggs in the sweet potato root freely. Monday morning (the first day), 100 males and females, a total of 200 insects, were moved to the same polypropylene box and fed a 2 g cube root that females sufficiently fed together with males but were not able to lay eggs (2 g-regime). The remaining 100 males and females, a total of 200 insects, were left as they were and fed a new 200 g sweet potato root for eight days (200 g-regime). The 2 g cube root was replaced every day because it often dried out. The 200 g sweet potato roots were replaced on Thursdays. Both females and males were separated from the sweet potato roots on the next Monday morning and transferred to the egg collecting device. The eggs were collected and counted every day for four days, from Tuesday through Friday. During this period, individuals that died were counted every day. To examine hatchability, 100 eggs were put on filter paper moistened with water in a Petri dish (9.0 cm dia. and 2.0 cm depth). The Petri dish was kept at 25°C, 70 to 80% RH, and L14 : D10, and the number of hatched eggs was recorded after nine days. The experiment was repeated five times.
RESULTS

Relationship between the size of root pieces and number of eggs laid
The average number of eggs laid in the 2 g and 0.2 g sweet potato root pieces for three days was 11.3Ϯ3.6 (meanϮSD) and 12.0Ϯ4.4, respectively. There were no significant difference between these two regimes (Mann-Whitney U-test, pϾ0.1). Females did not lay eggs in the 0.02 g sweet potato root.
Relationship between number of mature eggs in the ovariole and number of eggs dropped by females fed different size of food
The number of eggs in the ovariole of females fed on 0.02 g and 2 g cube root was 8.6Ϯ2.3 and 4.2Ϯ1.0, respectively and the difference was significant (Mann-Whitney U-test, pϽ0.01; Table 1 ).
Although the number of mature eggs of the 2 gregime was similar to that before treatment, there were twice as many mature eggs in the 0.02 gregime as before treatment. After cubic pieces of sweet potato root were taken away and the females starved, one female in the 0.02 g-regime dropped about two eggs on the first and the second days. The number of eggs dropped decreased to about one egg per female on the fourth day and to about 0.1 eggs per female on the seventh day (Fig. 2) . Females subjected to the 2 g-regime seldom dropped eggs on the first day. However, they dropped about one egg per female on the second, third, and fourth days but seldom dropped eggs on and after the fifth day. There were significant differences between the average number of eggs dropped on the first and second days between the regimes, but no significant differences from the third to seventh days. The average total number of eggs dropped for seven days was 7.3Ϯ2.1 for the 0.02 g-regime and 3.8Ϯ 1.5 for the 2 g-regime. The females subjected to the a The number of mature eggs after fed a 2 g cubic piece of sweet potato root for three days to regulate state of insects before treatments on different amounts of food (meanϮSD). b Quantity of cubic piece of sweet potato root which was fed to a females as a feeding regime. c MeanϮSD. 0.02 g-regime dropped twice as many eggs as those subjected to the 2 g-regime. The average number of mature eggs inside the ovariole of females subjected to the 0.02 g-regime and the 2 g-regime were 0.8Ϯ0.8 and 0.1Ϯ0.3, respectively (Table 1) . The females subjected to the 0.02 g-regime had significantly larger number of mature eggs than those subjected to the 2 g-regime.
Mass-rearing experiment
About 200 eggs were dropped by females subjected to the 2 g-regime on the first day (Tuesday) and the second day (Wednesday) of egg collection, but the number of eggs decreased to 150 on Thursday and 80 on Friday (Fig. 3) . In contrast, females subjected to the 200 g-regime seldom dropped eggs on the second day (Tuesday) but dropped about 50 eggs on the third day (Wednesday) and about 100 eggs on the fourth and the fifth days (Thursday and Friday) (Fig. 3) . Although the number of dropped eggs differed significantly between the 2 g-regime and the 200 g-regime on the second and the third days (Tuesday and Wednesday), there were no significant differences on the fourth and the fifth days. As a total, about 450 eggs were dropped for four days (from Tuesday to Friday) by the females subjected to the 2 g-regime. The number was more than two times larger than that of females subjected to the 200 g-regime (Table 2) . During the experiment, there were no differences in the mortality of females and males between the regimes (Table 2) .
DISCUSSION
An increase in the number of mature eggs in the ovariole of E. postfasciatus females when they were not able to lay in the host plant may be utilized for mass egg collection.
In this preliminary study of the female E. postfasciatus' oviposition capability, we confirmed two major findings. First, a 2 g cube root was sufficient food for one female to lay about the same number of eggs as reported by Shimoji and Kohama (1996) and Iwanaga et al. (unpublished) . Second, we found that a 0.02 g cube root was also sufficient for one female because the female fat bodies were sufficiently developed when they were dissected, but the female could not lay eggs. Based on this, we adopted 2 g and 0.02 g cube roots to investigate the relationship between number of mature eggs in ovarioles and number of eggs dropped. The same number of eggs could be laid in a 0.2 g cube root as in a 2 g cube root. However, we did not select the 0.2 g cube root because 0.02 g and 2 g roots were easier to make than the 0.2 g.
When a female E. postfasciatus eats a sweet po-316 Y. Shimoji and M. Yamagishi Fig. 3 . Daily changes in the average number of eggs dropped per 100 females of Euscepes postfasciatus affected by feeding regime. An asterisk indicates significant differences in the average number of eggs between the treatments at the 1% level on the first day and the 5% level on the second day by Mann-Whitney U-test. Vertical lines indicate standard error. tato root, the oocytes become mature and she can lay eggs in the sweet potato root. In our experiments, the females feeding on the 2 g cube root developed ovarioles and four mature eggs. The number was comparable to the normal number of mature eggs reported by Shimoji and Kohama (1996) when females fed on a 20-30 g slice of root. In contrast, the females feeding on the 0.02 g cube roots received sufficient nutrients to produce eggs, but the 0.02 g cube roots were too small for them to lay eggs. We found that the females continued to feed on the 0.02 g cube roots and accumulate the eggs in their ovariole. As a result, the 0.02 g-fed females had twice as many mature eggs as the 2 gfed females. The 0.02 g-fed females starved for seven days dropped twice as many eggs as those of the 2 g-fed females (see Fig. 2 ). It is obvious that the different number of mature eggs kept in the ovarioles between the 0.02 g-and 2 g-regime females caused a difference in the total number of eggs dropped in the egg collecting device. The number of eggs dropped by 0.02 g-fed females on the first day was about 20 times larger than that dropped by the 2 g-fed females (see Fig,  2 ). This explosive dropping of eggs on the first day is only seen in the 0.02 g-fed females. This pattern is thought to be due to an excessive number of mature eggs accumulating in the ovarioles. The maximum number of mature eggs before starving was 14. This is over twice the number of mature eggs kept by females fed on and laying in roots (see Table 1 ). It is suggested that all the eggs accumulated in the ovariole are unnecessary for the females removed from the cubic pieces of sweet potato root (i.e., oviposition substrate). So, they drop eggs immediately as casting off.
In mass-rearing, 200 E. postfasciatus (100 males and 100 females) were given one small 2 g cubic piece of sweet potato root. The insects covered the piece of sweet potato until it was consumed. Under these conditions, it was not easy for a female to lay eggs in the piece of sweet potato root. For this reason, mature eggs accumulated in the ovariole, as shown in the previous experiment. We expected when 2 g food was provided to 100 females with 100 males, females would not obtain enough food and become weakened because of many insects gathered on the food. However, there was no difference in mortality during the feeding period and egg-dropping period between these insects and those provided 200 g-food (see Table 2 ). The number of eggs dropped was larger in the 2 g-food than the 200 g-food (see Table 2 and Fig. 3 ) and the hatchability was not different between the two groups (see Table 2 ). Thus, we can consider the 2 g-food adequate for 200 insects for one day.
The smaller pieces of sweet potato root may dry out soon or be consumed. The sweet potato pieces should therefore be replaced every day or at least every three days. In the operation of egg collection, the eight-day prefeeding period before starvation, during which the females were fed smaller food in which they could not lay eggs, was too long. It is necessary to find a way to shorten this period without reducing the efficiency of egg collection. Until now, the egg collection method of Shimoji and Kohama (1996) has been used. This method yields a small number of eggs and is therefore difficult to use in a mass-rearing system for E. postfasciatus. However, the newly developed method using smaller cubic pieces of food, yields almost twice as many eggs as this former method.
In Fig. 2 , as well as in the non-feeding method of Shimoji and Kohama (1996) , 90% of the eggs were laid in the first four days. Then, it cannot be expected to collect more eggs even if the egg collection period is extended beyond five days. It seems that the 200 g-regime insects continue to drop eggs after the fifth and sixth days (see Fig. 3 ), but the results of Shimoji and Kohama (1996) and the former experiment demonstrated that the number of eggs dropped drastically decreased after the fifth day. Future efforts including selection of an insect that will produce many eggs after starvation for a long time and development of an insect capable of stable egg dropping while feeding are needed.
